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The European corn borer, Ostrinia nubilalis (HQbner), 
was introduced to the United States in 1917. Since then, it 
has spread throughout most of the corn (Zea mays L.) growing 
regions of the United States. It is one of the most destruc­
tive insect pests of corn. For example, in 1978, the esti­
mated yield losses in Iowa alone were about 110 million 
bushels. 
Development of plant materials resistant to corn borer 
larval feeding is one of the most efficient methods of control 
for this insect. To choose the most effective method of breed­
ing, however, information about the inheritance of resistance 
and types of gene action are necessary. It has generally been 
shown that inheritance of resistance to first- and second-
broods of the European corn borer is polygenic (Schlosberg and 
Baker, 1948; Scott, Dicke, and Pesho, 1955; Onukogu et al., 
1978). Several studies of first-brood leaf feeding, and 
limited studies on second-brood larval feeding, have indi­
cated that additive gene action is more important than non-
additive in conditioning resistance to both broods (Rubis, 
1954; Scott, Hallauer, and Dicke, 1954; Jennings, Russell, 
and Guthrie, 1974a; Jennings et al., 1974b). The level of 
dominance has been estimated to be in the partial range for 
first-brood leaf feeding (Penny and Dicke, 1955; Scott et al., 
1954), but no estimates have been reported for second-brood 
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larval feeding. The objective of the present investigation 
•was to study the inheritance of resistance to first- and 
second-broods of the European corn borer vith a Design III 
mating plan for date of anthesis and host resistance to both 
broods of the European corn borer. In addition, estimates of 
genotypic variances and heritabilities were obtained from the 
analysis of progenies for the same traits. These estimates 
were compared with estimates from the Design III analysis. 
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LITERATURE REVIEW 
The European corn borer, first observed in the United 
States in 1917, has spread over nearly all major corn growing 
regions of the United States. It is one of the most destruc­
tive insect pests of corn. In Europe and Asia, where it is a 
native insect, the corn borers also attack millet, hops, hemp, 
and some other crops (Painter, 1951). The corn borers also 
have a wide host range in the United States; Hodgson (1928) 
reported over 200 host plants in New England alone. 
The insect has one or more generations per year, depending 
on climatic conditions. The number of generations per year in­
creases as the distribution of the insect approaches and enters 
the warmer states. Single- and multiple-generation strains 
also indicate a genetic component. The multiple-generation 
characteristic was found to be a dominant genetic character 
and appeared to be sex-linked (Arbuthnot, 1944). 
There are usually two generations (broods) per year in 
Iowa. First-brood egg deposition usually coincides with the 
whorl stage of the corn plant. The first- and second-instar 
larvae feed mainly on the spirally rolled leaves in the whorl. 
Dicke (1950) and Guthrie, Dicke, and Neiswander (1950) ob­
served that highest larval mortality occurred within the first 
few days after egg hatch on resistant inbred lines. Mortality 
was relatively light following the fifth day after egg hatch. 
Guthrie et al. (1950) concluded that this high rate of larval 
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mortality represents a high degree of antibiosis against the 
first- and second-instar larvae from first-brood infestation. 
Thus, first-brood resistance is actually leaf feeding resis­
tance (Guthrie, Russell, and Jennings, 1971). 
The third- and fourth-instar larvae of the first-brood 
feed primarily on sheath and collar tissues. Resistance of 
some inbred lines also have been evaluated for sheath and 
collar feeding of these two instars (Guthrie et al., 1960). 
Cavities in the stalk are caused primarily by fifth-instar 
larvae. 
Second-brood egg deposition usually occurs at anthesis. 
Early planted corn is usually affected at the end of pollen 
dehiscence whereas late planted corn is usually affected in 
the active pollen shedding period. The first- and second-
instar larvae of second-brood borers feed on the pollen accumu­
lated on the leaf axils and on the sheath, collar, ear shoots, 
husks, and silk tissue (Dicke, 1950; Guthrie, Huggans, and 
Chatterji, 1959, 1970). The primary larval feeding sites for 
the first four instars, however, are sheath and collar tissues 
(Guthrie et al., 1970). Thus, second-brood resistance is 
actually collar and sheath feeding resistance. The fifth-
instar larvae of the second-brood enter the stalk and ear 
shank which results in stalk breakage and ear dropping. No 
appreciable change in larval mortality occurs beyond the first 
few days after egg hatch for the second-brood infestation on 
resistant inbred lines (Dicke, 1950; Guthrie et al., 1970). 
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More than 95% of the second-brood larval mortality occurs 
•within 3 days after egg hatch on the resistant line, B52j a 
high degree of antibiosis to the first- and second-instar 
larvae of a second-brood infestation is indicated (Guthrie 
et al., 1970). 
A chemical basis of antibiosis has been identified for 
the first-brood larvae. D1MB OA (2,4,-dihydroxy-7-methoxy-l,4-
benzoxazin-3-one) inhibited larval development and resulted 
in 25% mortality when isolated from corn seedlings and bio-
assayed through incorporation into an artificial diet used to 
rear the European corn borer (Klun, Tipton, and Brindley, 
1967). Klun and Robinson (1959) measured the concentration of 
6MB0A^  as an indirect measure of DIMBOA. Various stages of 
plant development were assayed in five inbred lines. 6MB0A^  
was synthesized throughout the various stages of plant develop­
ment, but the overall concentration in the whole plant de­
creased as the plant matured. Those inbreds that maintained 
high concentrations of the compound in the whorl at later 
stages were borer resistant. DIMBOA was, therefore, impli­
cated as a factor in the resistance of corn to the first-brood 
of the European corn borer. 
DIMBOA is not the only factor conditioning resistance. 
Host response was compared under conditions of artificial in­
festation of egg masses and on the basis of DIMBOA content in 
W^here DIMBOA is a precursor of 6MB0A. 
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the leaf whorl tissue (Russell et al., 1975), Selections 
were made in three successive inbreeding generations starting 
with 198 Fg progenies from WF9 x CI31A (susceptible and re­
sistant inbreds, respectively). Final evaluations were made 
for 15 Fg families in the DIMBOA group and 85 Fg families in 
the leaf feeding group. From the 86 families in the second 
group, 36 progenies were as resistant as CI31A but their DIMBOA 
content was significantly lower than for CI31A. Their data 
suggested that factors other than DIMBOA might condition re­
sistance to leaf feeding by the European corn borer. Russell 
et al. (1975) suggested that selection on the basis of DIMBOA 
content alone may result in the eventual loss of other resis­
tance factors. 
A chemical basis of resistance to sheath and collar feed­
ing of the second-brood corn borer is unknown. Research is 
underway, however, to detect possible chemical factors which 
condition second-brood resistance (W. D. Guthrie, Department 
of Entomology, Iowa State University, personal communication). 
Leaf feeding damage of the first-brood European corn 
borer usually results in physiological yield loss. This is 
due, primarily, to reduction of leaf area capable of photo-
synthetic function. Penny and Dicke (1959) found that the 
difference in grain yield between the insecticide-sprayed 
plots and plots which received supplemental egg masses aver­
aged 10 q/ha for the susceptible by susceptible, 6 q/ha for 
the susceptible by resistance, and 4 q/ha for the resistant by 
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resistant single crosses. Yield losses were closely related 
to the level of leaf feeding resistance of the hybrids. 
Second-brood damage has been frequently attributed to 
direct harvest losses resulting from stalk breakage and 
dropped ears (Dicke, 1954), Scott, Guthrie, and Pesho (1967) 
reported a 5.7 q/ha average reduction for 45 single-cross hy­
brids from the comparison of artificially infested plots with 
the insecticide-controlled plots. Guthrie et al. (1975), 
however, reported a physiological yield loss due to extensive 
sheath and collar feeding damage from the second brood. Grain 
yield was reduced 23.1% over a 2-year period. Yield reduction 
was associated primarily with reduced kernel size. Thus, the 
second-brood larvae may cause direct harvest loss and/or 
physiological yield loss. 
Much information is available on the genetics of host re­
sistance to the first-brood European corn borer. Two of the 
earliest reports are those of Marston (1930) and Marston and 
Dibble (1930). Under conditions of natural oviposition, the 
South American corn. Maize Amargo, was found to have fewer 
corn borer eggs deposited than standard Michigan varieties. 
Larval survival was also lower for Maize Amargo than for the 
standard varieties. The generation of Maize Amargo crossed 
with different standard varieties was as susceptible as the 
susceptible parent. From 935 Fg families derived from such 
crosses, 227 were not infested. Resistance was concluded to 
be conditioned by a single recessive gene. Painter (1951), 
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however, suggested that the segregating character may have 
been for nonpreference rather than antibiosis because the in­
festation resulted only from natural oviposition. In crosses 
between Maize Amargo and Golden Bantam (Marston and Mahoney, 
1933), 21 of the 65 inbred progenies were resistant and had 
sweet corn characteristics similar to Golden Bantam but were 
of later maturity. There seemed to be no correlation between 
the Amargo plant type and corn borer resistance. Late maturity 
of Maize Amargo, however, was not the reason for its resis­
tance (Marston, 1931) . F g plants of a cross of Michigan varie­
ties with another late maturing but susceptible South American 
corn (Cuzco) were not resistant to the corn borer. F^ , F^ , 
and Eg progenies, obtained from crosses of native Michigan 
varieties, had consistently greater borer populations than 
similar inbreds carrying Maize Amargo as one parent (Marston, 
1933). Also, single crosses, double crosses, and the synthetic 
varieties which had Maize Amargo parentage had a much lower 
borer infestation than those made up strictly of local Michi­
gan varieties. The resistance in the synthetics was not due 
to late maturity per se. Synthetic 22, the latest maturing 
variety in the test, had twice as many borers as any of the 
other strains having Maize Amargo parentage. Also, local by 
local inbreds had less vigor than local by Maize Amargo inbreds; 
however, the latter were resistant. Thus, resistance was shown 
to be genetically controlled in Maize Amargo and not due to 
lack of vigor, late maturity, or plant type. 
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Schlosberg and Baker (1948) studied the corn borer reac­
tion of different sweet corn inbred crosses. Host resistance 
varied from dominance to recessiveness depending on the type 
of inbreds involved in the crosses. The intercrosses of re­
sistant and susceptible parents generally showed results inter­
mediate between those obtained for crosses within resistant 
and susceptible groups-of inbreds. Schlosberg and Baker sug­
gested that the high resistance was probably due to cumulative 
effects of several genetic factors. 
Patch and Everly (1948) investigated the contribution of 
parental inbred lines to resistance of first-brood larvae in 
certain dent hybrids. Host plants were manually infested with 
corn borer egg masses. Populations of mature borers were 
lower in single and double crosses involving resistant lines. 
The number of borers per plant increased geometrically in the 
crosses involving successively more susceptible combinations. 
There were 38.3 and 25.7% as many borers in the resistant as 
in the susceptible combinations of single and double crosses, 
respectively. 
Singh (l953) reported on corn borer leaf feeding for 
R (resistant) x R, R x S (susceptible), and S x S inbred 
crosses. The amount of leaf feeding increased as the number 
of susceptible parents in those crosses increased. Using the 
Powers, Locke, and Garrett (1950) method of analysis, Singh 
also studied the inheritance of resistance to leaf feeding. 
He evaluated matings between a resistant inbred (A279) and a 
10 
susceptible (A291). The comparison of calculated and actual 
F2 values by the use of chi-square tests gave an excellent fit 
to a two-factor pair hypothesis. 
Patch, Holbert, and Everly (1942) studied the corn borer 
reaction of different single- and double-cross hybrids. The 
susceptibility of crosses increased as the number of suscepti­
ble inbreds in the pedigree was increased. For example, hy­
brids involving two resistant inbreds averaged 39% fewer borers 
than the predicted number on the basis of the regression of ob­
served number of borers on silking date. By contrast, single-
cross hybrids involving one resistant and one susceptible in­
bred averaged 8% more than the predicted number. Patch and 
coworkers concluded that the cumulative effect of an undeter­
mined number of multiple factors conditions resistance to the 
first-brood corn borer. 
In a study of 30 single crosses by Fleming et al. (1958), 
R X S crosses were intermediate to R x R and S x S in reaction 
to leaf feeding. Host response of R x S crosses, however, 
approximated those of the R x R crosses. Fleming et al. (195 8) 
also studied F^ , Fg* and backcrosses of two resistant by sus­
ceptible crosses. Data indicated that relatively few major 
genes controlled resistance to leaf feeding of the first-brood 
borers. 
Leaf feeding ratings in F2 and backcross progenies from 
two crosses, M14 x gl^ V^ y and WF9 x gl^ V^  ^indicated that re­
sistance in the gl^ v^  ^parent was due to a single dominant gene 
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(Penny and Dicke, 1957), The gene conditioning resistance 
was linked with the gl^  and genes with an estimated 
average cross-over frequency of 34%. Resistance was partially 
dominant in both crosses. Penny and Dicke (1956) also studied 
the leaf feeding ratings of Fg and backcross progenies of a 
susceptible by resistant cross, M14 x MSI. The segregation of 
genes for borer resistance at three or more loci with at least 
partial phenotypic dominance of susceptibility was indicated. 
In another cross, B14 x N32, individual plant segregation of 
F2 and first backcross progenies suggested the contribution of 
one or two gene pairs to leaf feeding resistance. The fre­
quency distribution of the F^  and selfed backcross progenies 
did not explain a single gene pair segregation. Two or more 
gene pairs were thought to be responsible for the host resis­
tance differences. 
A chromosomal interchange technique was used by Ibrahim 
(1954) to determine which chromosome or chromosomal arms of 
inbred À411 carried genes conditioning resistance to the first-
brood corn borer. Susceptible interchanges were crosses with 
the resistant inbred line. The resulting semisterile (Hetero-
zygote interchange) Fj^  plants were backcrossed to the inbred 
line showing the recessive corn borer reaction. The segregat­
ing progenies were then classified for semisterile versus 
normal pollen and for corn borer reaction to determine if there 
was an association of semisterility with borer reaction. The 
resistance of A411 was due to at least one gene in the long arm 
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of chromosome 3, one in the long arm of chromosome 4, and 
probably another in the long arm of chromosome 5, 
Scott et al. (1966) used similar techniques described by 
Ibrahim (1954) to locate genetic factors in inbreds CI31A and 
B49 that govern host resistance for larval leaf feeding. The 
resistant inbred CI31A was found to possess a gene or genes 
contributing to resistance on the short arm of chromosomes 1, 
2, and 4 and on the long arm of chromosomes 4 and 6. The re­
sistant inbred B49 seemed to have genes for resistance on these 
same chromosomal arms (probably allelic to those of CI31A) plus 
an additional gene for resistance on the long arm of chromosome 
8. Scott and coworkers indicated several limitations of the 
chromosomal interchange technique as follows: (1) linked genes 
would probably be identified as a single gene, (2) no recessive 
gene for resistance would be detected, and (3) a significant 
difference in host response could not be detected unless a 
gene had a sufficiently high level of potency in the heterozy­
gous condition. Therefore, the number of genes detected with 
their technique should be considered as a minimum number. 
Thus, some studies have indicated that host resistance 
is rather simply inherited. It is more generally concluded, 
however, that a high level of resistance to leaf feeding of 
first-brood corn borer larvae is a character which is poly-
genically inherited. 
Information on the nature of inheritance of resistance 
to sheath and collar feeding by second-brood corn borers is 
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limitedJ however, polygenic inheritance is indicated. In a 
generation mean analysis by Jennings et al. (1974b), the dis­
tribution of Fg and selfed backcross generations revealed no 
simple genetic basis for resistance to the second-brood 
European corn borer. They suggested that high level resistance 
may be the result of the cumulative effect of an unknown number 
of loci. Onukogu et al. (1978) used the same chromosomal tech­
nique as Scott et al. (1956) to determine which chromosomal 
arms of resistant maize inbred B52 contain genes for resistance 
to sheath-collar feeding by second-generation corn borers. 
B52 had a gene or genes for resistance on the long arms of 
chromosomes 1, 2, 4, and 8 and on the short arms of chromo­
somes 1, 3, and 5. 
Russell, Guthrie, and Grindeland (1974) indicated that a 
backcross procedure may not be successful in transferring all 
resistance genes to susceptible inbreds becaus e of the poly­
genic nature of inheritance. A population improvement program, 
such as recurrent selection, was suggested for developing re­
sistant inbreds. Knowledge of the type of gene action and 
heritability estimates are needed, however, to choose the best 
method of population improvement. 
Rubis (1954) studied various populations which arose from 
crosses of resistant with susceptible lines to determine the 
type of gene action conditioning resistance to leaf feeding of 
the first-brood corn borer. Gene action was mainly additive 
with dominance and epistasis important only in certain crosses. 
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The proportion of additive genetic variance compared to the 
total phenotypic variance indicated that individual plant se­
lection would be less effective than selection based on progeny 
rows. Rubis, therefore, suggested that a recurrent selection 
program would be an efficient method to improve the populations. 
Penny and Dicke (1956) used the Design III method cf 
Comstock and Robinson (1952) to obtain an average level of 
dominance of 0.2 for the M14 x MSI cross. The additive 
genetic variance was calculated to be 49 times greater than 
the dominance genetic variance. 
Klun et al. (1970) determined the concentration of DIMBOA 
in the whorl tissue and visually rated resistance to leaf feed­
ing by first-brood European corn borers in a diallel set of 
crosses among 11 inbred lines of corn. The partitioning of the 
variation among hybrids showed that effects due to general and 
specific combining ability were highly significant for both 
traits, but general combining ability accounted for 91% and 
84% of the hybrid sum of squares for DIMBOA content and leaf 
feeding ratings, respectively. 
Scott et al. (1964) used the least squares method of 
Mather (1949), the Design III method of Comstock and Robinson 
(1952), and the generation mean procedure of Hayman (1958), 
in which Gamble's (1962) notation was used. The resistant 
parent was CI31A and the susceptible parent was B37. From the 
least squares analysis, it was shown that the estimate for 
additive genetic variance was considerably larger than its 
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standard error in each year tested. The estimate of dominance 
variance vas negative and was assumed to have a value of zero. 
In the Design III experiment, the additive genetic variance 
•was approximately four times greater than the estimate for 
the dominance variance and the level of dominance was in the 
partial range (0,72), For the generation mean analysis, addi­
tive effects were significantly different from zero. The 
dominance effects were large but not significant. Except for 
the dominance by dominance epistasis, other epistatic effects 
were relatively small and nonsignificant. Scott et al. (1964) 
suggested that, because of the importance of the additive 
genetic variance, an efficient breeding program would be one 
which allows for the accumulation of desirable genes. Recur­
rent selection was recommended. 
Jennings et al. (1974a) studied one 10-line diallel of 
corn which was evaluated for 1 year for both first- and second-
broods. F-tests for general and specific combining ability 
were highly significant, but the mean squares for general com­
bining ability exceeded the ones for specific combining ability 
tenfold or more. In a second study, Jennings et al. (1974a) 
evaluated a different 10-line diallel for 2 years. Only ef­
fects of the second-brood infestation were studied. Variations 
attributed to general combining ability and general combining 
ability by year were highly significant. None of the F-tests 
for specific combining ability was significant, however. These 
results suggested the importance of additive gene action in 
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conditioning resistance to first- and second-brood European 
corn borers in these sets of diallel crosses. Because the 
inbreds used in the crosses were not random lines, the authors 
suggested that any extrapolation of interpretations from these 
results to other genetic populations should be made vith 
caution. They suggested that synthetics be developed from 
different resistant and intermediate resistant lines. The 
frequency of favorable genes would then be increased through 
using SI recurrent selection. The improved synthetics could 
then be used as a source of resistant germplasm for extracting 
resistant inbred lines. 
In the studies by Jennings et al. (1974a), resistance to 
the second-brood was dominant in all crosses except two in 
which B52 was one of the parents. 
In a study of 45 single-cross hybrids, Scott et al. (1967) 
used the number of cavities per plant as a direct measure of 
response to second-brood larval feeding. Cavity counts in­
creased with the susceptibility of the inbreds represented in 
the single crosses. On the average, the resistant by suscepti­
ble group yielded 4% less grain than the resistant by resistant 
group and 4% more than the susceptible by susceptible group of 
single crosses. They concluded that the type of gene action 
conditioning resistance to the second-brood larval feeding was 
predominantly additive. 
Jennings et al. (1974b) used the generation mean method of 
analysis to study the inheritance of resistance to second-brood 
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corn borers. In five experiments, using B52 as the resistant 
parent and L289, B39, Oh43, and WF9 as susceptible parents, 
reduction in sums of squares due to fitting additive genetic 
effects exceeded the reduction due to fitting nonadditive 
genetic effects by at least tenfold. Resistance was dominant 
in all crosses. 
Data for first-brood resistance and limited data for 
second-brood resistance, therefore, indicate that additive gene 
action is more important than nonadditive in the expression of 
resistance to both broods of the European corn borer. 
Scott et al. (1964) estimated heritability values from 
regression analysis of the Fg and selfed backcross progeny 
means on their respective parental ratings. Narrow sense 
heritabilities for the first brood were 21.5% and 25,2% (selfed 
backcross on backcross progenies involving the first and the 
second parent, respectively) and 41.5% (Fg on F2)• Narrow 
sense heritabilities for first-brood response, based upon the 
Design III mating system, were estimated to be 49% (Penny and 
Dicke, 1956) and 69% (Scott et al., 1964), Russell et al. 
(1974) obtained high heritability estimates for both the first-
(87%) and the second-brood (70%) using S^  progenies. Jennings 
et al. (1974b) estimated heritability values for the second-
brood on the basis of variance components from F^  progenies 
and from the regression of Fg progenies on their F2 parents. 
The estimate based on the variance components of Fg progenies 
(64,1%) was considerably larger than the estimate based on the 
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regression of on Fg (2 6.2%). The realized heritability of 
30.7% agreed closely with the estimate from the regression 
method, but not with the estimate from variance components. 
It was suggested that the variance component method is probably 
inflated by genotype by environment interaction and by non-
additive effects. Thus, heritability estimates varied from 
low to high values, depending on the method of estimation and 
the kind of populations used. Selection on the basis of in­
dividual plants, such as mass selection, therefore, may not be 
as effective as selection on the basis of progeny means such 
as in a recurrent selection program. 
Recurrent selection has been effective in improving the 
resistance of corn populations to the European corn borer. 
Penny, Scott, and Guthrie (1967) evaluated progress from three 
cycles of SI recurrent selection for resistance to first-brood 
larval feeding in five synthetics. A group of SI lines from 
the CO, CI, C2, and C3 populations in each synthetic was 
evaluated. Two cycles of selection shifted the frequencies of 
genes governing resistance from a low to a high level in all 
synthetics. Three cycles of selection produced essentially 
borer-resistant varieties. Russell (Department of Agronomy, 
Iowa State University, personal communication) evaluated 
progress after two cycles of selection for leaf feeding of the 
first-brood and cavity counts and sheath-collar feeding of the 
second-brood in the synthetic BS9. Resistance to both broods 
was improved after two cycles of selection. The first-brood 
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ratings^  were 4.1, 3.6, and 2.6 for the CO, CI, and C2, 
respectively. For the sheath-collar feeding of the second-
brood, which was rated^  visually, the values were 5.5, 5.1, 
and 3.9 for the CO, CI, and C2, respectively. The numbers of 
cavities were 14.7, 11.5, and 8.7 for the CO, CI, and C2, 
respectively. 
Genetic factors that operate against leaf feeding of the 
first-brood seem to be different than those that operate 
against sheath-collar feeding of the second-brood corn borer. 
For example, Oh43 is an inbred that is resistant to the first-
brood larval leaf feeding (Guthrie et al., 1960) but suscep­
tible to second-brood larval damage (Pesho, Dicke, and Russell, 
1965; Guthrie et al., 1970). Inbred B52 is highly resistant 
to second-brood larvae (Pesho et al., 1965; Guthrie et al., 
1970) but is intermediate in resistance to first-brood leaf 
feeding (Klun and Brindley, 1966). The average rate of sur­
vival of larvae found in some lines commonly used in commercial 
hybrids showed a nonsignificant correlation between first- and 
second-brood larval feeding (Dicke, 1950). Dicke observed 
that a number of lines which showed relative resistance to 
survival of larvae at the whorl stage sustained a relatively 
high survival when infested at the pollen shedding stage. 
Russell et al. (1974) sampled plants from a synthetic variety 
T^he rating scale was from 1 to 9; 1 represented complete 
resistance and 9 represented complete susceptibility. 
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BS9, a synthetic developed by intermating 10 inbred lines that 
among them contributed first- and second-brood resistance. 
The correlation coefficient between leaf feeding of the first-
brood and larval damage by the second-brood was close to zero 
( 0 . 0 8 ) .  
It is possible to develop plant materials that are resis­
tant to larval feeding of both broods. Russell et al. (1974) 
reported a pedigree selection program starting from 200 
lines which came from the cross of B52 by 0h43. In Fg, an 
inbred line was developed which was slightly better than Oh43 
for first-brood resistance and equal to B52 for second-brood 
resistance. Russell (Department of Agronomy, Iowa State Uni­
versity, personal communication) is developing a population 
with resistance to both broods of the European corn borer. 
Results from two cycles of selection have been encouraging. 
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MATERIALS AND METHODS 
A Design III mating system was employed to estimate per­
tinent genetic parameters (Comstock and Robinson, 1952). The 
experimental material was produced from backcross matings of 
random F2 plants used as the male parents? these were crossed 
to the two inbred lines from which the F2 was derived. The 
F2 plants were also selfed to obtain (S^ ) progenies. From 
each of the three progeny groups, 108 families were chosen for 
evaluation on the basis of adequate seed supply. Each of the 
108 families had a common Fg parent in the other groups. 
The parents included in this study were B52 and CI31A. 
The inbred B52 is highly resistant to second-brood larvae 
(Pesho et al., 1955; Guthrie et al., 1970) but intermediate in 
resistance to first-brood leaf feeding (Klun and Brindley, 
1966; Guthrie and Dicke, 1972). Inbred CI31A is intermediate 
in resistance to second-brood larvae (Pesho et al., 1965) and 
is highly resistant to first-brood leaf feeding (Klun and 
Brindley, 1966; Guthrie and Dicke, 1972). 
A randomized incomplete block design was used. Evaluation 
of the progenies was done in a 2-year period, 1978 and 1979. 
Incomplete blocking was done because the number of progenies 
was too large to be included in one replication. Each of the 
three groups of IO8 progenies was divided into six sets of 
18 progenies. Each of the three groups of 18 progenies was 
replicated three times in each set. Two entries were added to 
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the 18 entries in each group in each set. These two entries 
•were used to cope with the field arrangements and were later 
excluded from the analysis of variance. The two "dummy" 
entries for the Design III were B52 and CI31A, whereas F2 
seeds were used as dummy entries for the group. Conse­
quently, each set included nine incomplete blocks of 20 
entries. The entire experiment consisted of 54 incomplete 
blocks or 1,080 plots. Each set was arranged in a split-plot 
with subplots nested within main plots. Main plots consisted 
of the three groups of progenies; subplots consisted of 20 
entries within each incomplete block. Main plots were ran­
domized within each replication and subplots were randomized 
within main plots. 
The one-row plots were 381 cm long and 76.2 cm wide. 
Thirty-two kernels were planted in each row; two kernels were 
planted in each of 16 hills. Within-row spacing, therefore, 
was 25.4 cm between hills. There were 3,444 plots per hectare, 
and the planting rate was approximately 55,000 plants per 
hectare. 
(B75XCI31A)F2 is resistant to leaf feeding by European 
corn borers whereas (WF9xI205)F2 is susceptible. The resistant 
and susceptible checks were planted every 20 rows throughout 
the field to monitor the amount of larval establishment and 
development. 
In 1978, the first five plants on one end of each row 
were infested with first-brood egg masses. Corn borer egg 
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masses incubated to near the hatching point were dropped in 
the whorl of each plant. Four applications of egg masses were 
applied in 2-day intervals. Two egg masses were deposited in 
each application. Each egg mass contained approximately 25 
eggs. Thus, each plant was infested with approximately 200 
eggs. Leaf feeding ratings were made about 3 weeks after egg 
hatch on an individual plant basis. 
For the second-brood study, egg masses incubated to near 
the hatching point were applied during the active pollen 
shedding period. The infestations were made in eight applica­
tions of two egg masses per plant. Sixteen egg masses were 
applied in 1- or 2-day intervals. Thus, each plant was in­
fested with approximately 400 eggs of second-brood corn borers. 
Egg masses were pinned on the underside of the leaf through the 
midrib. The first and second applications were made on the ear 
leaf and the leaf below the ear leaf, respectively. The other 
applications were made, successively, from the first leaf above 
the ear leaf to the flag leaf. 
In first-brood infestation, each application of egg masses 
was done in a single day. For second-brood, however, infesta­
tions were begun when half the plants in a plot were shedding 
pollen. According to Dicke (1950) and Guthrie et al. (1969), 
pollen is beneficial to survival and establishment of second-
brood larvae. Therefore, host response would be more pre­
cisely determined when egg masses are applied at a comparable 
stage of plant development under varying climates than when 
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applied in a single day. 
For the second-brood study, the first five plants on the 
opposite end of each plot for first-brood infestation were 
infested with egg masses. In a study of host response to the 
second-brood in two synthetic populations, five plants per 
plot was suggested to be an optimal number (Russell et al., 
1978). 
Egg masses were obtained from the Corn Insects Research 
Unit, Ankeny, Iowa. The method of egg production was de­
scribed by Guthrie et al. (1971). 
In 1978, data were collected on the following characters: 
(1) leaf feeding rating of the first-brood, (2) stalk cavity 
counts and sheath-collar feeding damage by second-brood borers, 
and (3) date of anthesis. Measurements for these traits were 
taken as follows; 
First-brood leaf feeding: The nine-class leaf feeding 
rating scale described by Guthrie et al. (1960) was used. The 
classes one and nine represent the most resistant and sus­
ceptible plants, respectively. 
Second-brood cavity counts: The rating was represented 
by the number of cavities per stalk. A cavity 2.5 cm in 
length was counted as one cavity. Cavity counts were made on 
a single plant basis after dissecting the stalk of each plant 
longitudinally. Plants were rated 50 to 60 days after egg 
hatch. 
Second-brood visual rating for the sheath-collar feeding: 
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Plots, rather than individual plants, were rated in a nine-
class visual scale for the extent of sheath-collar feeding and 
stalk breakage of the plants as described by Guthrie et al. 
(1978). Class nine represents extensive sheath-collar feeding, 
whereas class one represents little or no sheath-collar 
feeding. , 
Many factors, including disease, prédation, and parasitism, 
can result in the absence of viable insect forms at the time 
of evaluation even though extensive plant damage is present 
(Pesho et al., 1965). Inbred lines highly susceptible to a 
second-brood infestation may be so badly damaged that the plant 
is no longer suitable as a source of food; therefore, many 
larvae may leave the plant before ratings are made (Guthrie 
et al., 1971). Thus, in both the first- and second-brood 
resistance studies, plant damage was used as an index of rela­
tive resistance rather than insect counts. 
Date of anthesisi The number of days from planting until 
50% of the plants in each plot had shed pollen. 
In 1979, 16 entries were removed from each progeny group 
due to lack of sufficient seed. These entries were replaced 
•with 16 others for which seed supply was adequate. Measure­
ments were taken only for the leaf feeding of the first-brood 
larvae. Ten plants per row were infested instead of five 
plants as in the previous year. In 1979, five applications of 
egg masses were made, compared with four applications in 1978. 
Other procedures were identical for the 2 years. 
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Statistical Models and Analyses of Variance 
Each set was separately analyzed and the stuns of squares 
and degrees of freedom were pooled across sets. 
The linear model for a randomized incomplete block design 
with nested split-plot arrangement ( subplots nested within 
whole plots) given below for a single set: 
Yjkl =  ^+ Bj + Pk + Bjk + Si Gjki ' 
where 
= the jth observation of the 1th genotype in the kth 
progeny group; 
3 = 1,...3; 
k = 1,...3; 
1 = 1,...18; 
p. = population mean; 
R . = the effect due to the jth replication; 




the main plot error; 
kl ~ the effect due to the 1th genotype in the 
progeny group; and 
ej^ 2 = the experimental error. 
The analysis of variance and expected mean squares for 
the above model are given in Table 1. 
The linear model for a randomized incomplete block design 
with split-plot arrangement pooled over sets where subplots are 
nested within whole plots is as follows: 
Table 1. Analysis of variance for a randomized incomplete block design with a 
nested split-plot arrangement for one set 
Source of 
variation df MS E(MS) 
Replications (r-l) 
2 2 Progeny groups (p) (p-l) = + ga^ + rg(p) 
Error (a) (r-l)(p-l) = d^  Mg + ga^  
o 2 
Genetypes/P p(g-l) = d^  Mg + ra^  
2 Error (b) p(g-l)(r-l) = d^  a 
e 
W^here r, p, and g are the numbers of replications, progeny groups, and 
genotypes, respectively. 
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i^jkl =  ^+ Si + Rij + + aijk + ^ ikl + ®ijkl ' 
•where 
Y. .. T = the jth observation of the 1th genotype in the kth 1 JKJL 
progeny group, and in the ith set; 
1 — 1, # « # 6 ; 
j ~ 
k = 1,...3; 
1 = 1, . . .18 ; 
H = mean; 
= the effect due to the ith set; 
Rij = the effect attributed to the jth replication in 
the ith set; 
= the effect of the kth progeny in the ith set; 
a. . = the main plot error; 
1 JiC 
= the effect due to the 1th genotype in the kth 
progeny group of the ith set; and 
e^ j^  ^= the experimental error. 
The analysis of variance and expected mean squares for the 
above model are given in Table 2. 
2 The F-test for the null hypothesis a„ = 0 determines the 
existence of significant variation among genotypes (tvo groups 
of Design III and one group of S, progenies) and was tested by 
d. 
F, = M^ /M,. The F-test for the significance of the main plot 
1 2 3^ 
error component, o^ , was tested by F^  = The null hy­
pothesis for differences among progeny groups, (P) = 0, was 
tested by 
Table 2. Analysis of variance for a randomized incomplete block design with a 
nested split-plot arrangement, pooled over sets 
Source of 
variation df MS E(MS) 
Sets (s) 8-1 
Replications/S s(r-l) 
2 2 Progeny groups (P)/S s(p-l) = d^  0^  + ga^  + rg(P) 
Error (a) s(p-l)(r-l) = dg Mg + ga^  
2 2 Genotypes/p/S sp(g-l) " ^ 2 2^ 
2 Error (b) sp(g-l)(r-l) = d^  a 
e 
W^here s, r, p, and g are the numbers of sets, replications, progeny groups, 
and genotypes, respectively. 
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The linear model for a randomized incomplete block de­
sign with a nested split-plot arrangement over 2 years is as 
followsI 
h^ijkl = % + Yh + Si + yS%. + Rjhi + Pki + y^ hkl + 
h^ijk l^ik h^lik h^ijkl * 
where 
h^ijkl ~ the jth observation of the 1th genotype in the 
kth progeny group of the ith set in the hth year; 
h = 1,2 ; 
X — lf«»«)6) 
j = 1*2,3; 
k = 1,2,3; 
1 = l,...,n^  where n^  is the number of genotypes in 
each progeny group in each set; 
(i. = the population mean; 
y^  = the effect due to the hth year; 
= the effect due to the ith set; 
yS^  ^= the effect attributed to the interaction of the 
ith set with hth year; 
= the effect attributed to the jth replication in 
the ith set in the hth year; 
= the effect of the kth progeny group in the ith 
set; 
yPhki ~ the effect attributed to the interaction of the 
hth year with the kth progeny group of the ith 
set; 
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h^ijk ~ main plot error; 
= the effect due to the 1th genotype in the kth 
progeny group of the ith set; 
h^lik ~ effect attributed to the interaction of the 
hth year with the 1th genotype within kth 
progeny group in the ith set; and 
e^ j^ = the experimental error. 
The analysis of variance and expected mean squares from 
the model are given in Table 3. 
The null hypothesis for the variance among genotypes, 
2 3^ 2^ Oq, to be zero was tested by = Mg/M2. The F-test, F^  = 
M2/M1, tested the significance of the genotype by year inter-
2 
action variance component, The significance of the 
2 *^ 5 progeny group by year interaction, cr was tested by F, = 
The significance of variance among progeny groups was 
dc 
tested by F^  = 
Genetic Models and Components of Variance 
Assumptions involved in the derivations of mean square 
expectations and the genetic interpretations of variance com­
ponents for the Design III (Comstock and Robinson, 1952) are 
as follows: 
1. Random choice of individuals mated for production of 
experimental progenies. 
2. Random distribution of genotypes relative to varia­
tions in the environment. 
3. No nongenic maternal effects. 
Table 3. Analysis of variance combined over years for a randomized incomplete block 
design with, a nested split plot arrangement, pooled over sets 
Source of 
variation df^  MS E(MS) 
Years (Y) y-1 
Sets (S) s-1 
Y X S (y-1)(s-1) 
Replieations/S/Y sy(r-1) 
Progeny groups (P)/S s(p-l) = 6^ 6^ 
2 
9*a + rgOyp + rgy(P) 
Y X P/S s{p-l)(y-1) % gal * rSOyp 





+ + ryo^  
Y X G/P/S S p(g-l)(r-1) 







W^here y, s, r, p, and g are the numbers of years, sets, replications, progeny 
groups, and genotypes, respectively. 
I^n the combined analysis, the number of genotypes were not the same from one 
set to another. 
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4. Regular diploid behavior at meiosis. 
5. Population gene frequency of 0.5 at the segregating 
loci, 
5. No multiple allelism. 
7. No epistasis. 
8. No linkage among genes affecting the character 
studied or, if linkage exists, the population is in 
linkage equilibrium. 




i^jk " ^  + 1j + ml^ j + 
Y... = the value of the kth progeny of the cross of the 1JK 
ith male with the jth inbred line; 
i = 1,...,108; 
j = 1,2; 
k — l,..«,n; 
jj, = the population mean; 
m. = the effect of the ith male contributed to the kth 
progeny and m^  ~ NID (0,#^ ); 
Ij = the effect of the jth inbred line contributed to 
the kth progeny; 
ml^ j = the effect due to the interaction of the ith male 
with the jth inbred line and ml^ j ~ NID (0,#^ )^; 
e. .. = error involved in the measurement of the value of 
1 JK 
the kth progeny from the cross of the ith male 
with the jth inbred line and e^  ~ NID (0,^ )^. 
The analysis of variance and expected mean squares for 
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the Design III mating plan for 1 year are given in Table 4. 
The significance of the difference among lines was tested 
dc 2 2 
by F, = The null hypotheses for a = 0 and cr - = 0 
d4 o 4 d d  ^
were tested by = M^ /M^  and F^  = M2/M^ , respectively. 
^ 2 ^ A 2 Variance among males, a^ , was estimated as = (Mg-M^ )/ 
2 2r, and interaction variance of males by lines, c?^ ,^ was esti-
A 2 2 
mated as = (M^ -M^ j/r. The experimental error, was 
A 2 
estimated to be 
The analysis of variance and expected mean squares for the 
Design III mating plan combined over years are given in Table 5. 
The significant difference among two parental lines was 
do 
tested by F^  = Mg/M^ . A direct F-test was not possible for 
the lines by years interaction. Satterthwaite•s (1946) method, 
therefore, was used to obtain an approximate F-test. The null 
hypothesis, = 0, was tested by F^  = (M^  + M^ )/(Mg + 
Degrees of freedom for the numerator, d^ , were calculated from 
the following formula; 
(M, + M.)2 
a = -
Degrees of freedom for the denominator, d^ , were obtained from 
the formula below as; 
_ (Mg + 
2 2^ The null hypothesis for = 0 was tested by F^  = M2/M^ . 
Table 4. Pertinent sources of variation of the Design III variance analysis for 
one year 
Source of 
variation df MS E(MS) 
Lines/sets (S) 8(1-1) = dg Mg + rm(l) 
2 2 Error (a) s(p-l)(r-l) = + ga^  
Males/S s(m-l) = do Mo + 2ra^  
•J J em
Males X lines/S s(m-l)(l-l) = Mg + ra^ ^^  
Error (b) sp(g-l)(r-l) = d^  M^  
W^here s, 1, p, r, m, and g are the numbers of sets, parental lines, progeny 
groups, replications, males, and genotypes, respectively. 
Table 5. Pertinent sources of variation for the Design III analysis combined over 
years 
Source of variation df^  MS E(MS) 
Lines/sets (S) s(l-l) 
Lines/S x years s(y-l)(l-l) 
Error (a) sy(p-l)(r-l) 
8 -i-
Males/S E (m-l) 
i=l 
s 
Males X lines/S 2 (m-l)(1-1) 
i=l 
s 
Males/S x years S (m-l)(y-l) 
i=l 
s 
Males X lines/S E (m-l)(y-l)(l-: 
x years i=l 
CO T
5 11 
8^ 4 + gal + 
= d^  M7 + gal + ™°ly 
6^ + 90 a 
5^ + ™mlY + 2rya 
= 4^ M4 + rOmly 
MS + ^^ mly 
= 2^ 2^ + 
® b  ^ _ _2 
Error (b) E yp(g-l)(r-l) = d^  M, i=l J. J. e 
W^here s, 1, y, p, r, m* and g are the numbers of sets, parental lines, years, 
progeny groups, replications, males, and genotypes, respectively. 
was used because number of progenies were not the same from one set to 
another in the combined analysis. 
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2 The male by year interaction component, cr » was tested by 
3^ 4^ 
= M^ /M2• The F-test of F^  = M^ /M2 was used to test the 
 ^ 2  ^ 2 
null hypo t h e s is 0^ =0. Since a was not significantly dif-
ferent from zero, the formula F^  = Mg/Hg rather than F^  = 
M5/M3 was used to test the significance of the variance 
2 
component among males, a^ . 
Estimates of the variance components were obtained by 
equating the respective mean squares to their expectations as 
follows: 
A2 _ 5^ " ^3 
m^ - 2ry 
A 2 4^ ~ ^ 2 
m^l " ry ' 
A2 _ 3^ ~ ^ 2 
m^y " 2r ' 
6:LY = ^  ; 
and 
= "1 • 
2 2 The genetic interpretations of and arising as a 
result of genetic differences among Design III progenies 
(Comstock and Robinson, 1952) are given in Table 5. 
With the assumption of linkage equilibrium or no linkage, 
2 2 the linkage terms in equations for and will disappear. 
Furthermore, with the assumption of q^  = 1/2, as can be 
assumed for an F^  of a cross of two homozygous lines of corn, 
2  2 .  
and will be reduced to the following terms: 
Table 5. Genetic interpretations of variance components^  
= 1/2 2q.(l-q.)u? + 2 (pt-rs). .u.u . N \  ^  X  X X  I J  X  J  
2 2 2 
cr _ = 2 q'(l-q.)a.u. + 2 S (pt-rs) . -a .u. a .u . + 2 2 ( rs-pt) . -a . u . a .u . 
m i .  X I X  x j x x j j  x j x x j j  
W^here u. = 1/2 the difference between the means of the homozygous genotypes 
at the ith locus, 
a^ u^  = the deviation of the mean of the heterozygous genotype from the 
mean of the two homozygous genotypes at the ith locus, 
q^  = the frequency of the favorable allele at the ith locus, 
p = frequency of j gametes, that is, with the favorable allele at 
both the ith and jth loci, 
r = frequency of Bubj gametes, 
s = frequency of buBj gametes, 
t = frequency of b.b. gametes, 
c  ^
E indicates summation over pairs of loci at which favorable genes 
ij were in the coupling phase in inbred parents, and 
r 
E indicates summation over pairs of loci at which favorable genes 
ij were in the repulsion phase in inbred parents. 
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= 1/8 s u? , 
m 1 
and 
f 4 4  •  
Comstock and Robinson (1948) derived the formulas for 
additive genetic variance, dominance genetic variance, and the 
level of dominance. The formulas are presented below: 
"A 
and 
= 2 2  +  ( l - 2 q ^ ) a ^ ] u ?  ,  
4 " ^  1 4  4  4  •  
with the assumption of q = 0.5, these terms will be 
? ^ i ' 
and 
cTp - 1/4 2 a? u? 
Thus, in Design III, 
m^ " A^ 
and 
"ml " "D 
The interaction variances of additive and dominance genetic 
effects with years were estimated as 
"my = "mly = °Dy ' 
Average level of dominance was derived to be 
40 
a = (a^ )^  = 
where is a weighted average of all'at»s which were weighted 
2 
relative to the associated u^ 's. Thus, 
i  ^^  
£u? 
— i  ^— 
2. 
2a?u? 




_ i _ 
The scale on which the average level of dominance, a, 
was measured is shown in Table 7. 
Table 7. Scale of a 
Magnitude of a Level of dominance 
a = 0 
0 < a < 1 
a = 1 





If there is linkage among genes and linkage disequilibri­
um exists, (pt-rs) will be positive when the initial linkage 
2 phase is coupling (Table 6) . Thus, estimates of cT^ , and 
2 
consequently cr^ , will be biased upwardly when linkage is in 
the coupling phase. The value will be underestimated when the 
initial linkage phase is predominantly repulsion. However, if 
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both types of linkages are equally frequent, the bias will be 
negligible due to cancellation of positive with negative 
terms. For estimation of the presence of any type of 
linkage will upwardly bias the estimate and consequently will 
2 bias the dominance genetic variance, Thus, the estimate 
of the average level of dominance will always be overesti­
mated in the presence of linkage, except when all the initial 
linkage phase is coupling. Since a is a ratio of to 
coupling linkage will overestimate both types of genetic 
variances. Thus, there will be little bias in the estimation 
of a, 
2 Total genotypic variance, was estimated from the 
summation of estimates of additive and dominance genetic vari­
ances as * ^ D' 
The Design III mating system has an advantage over the 
Designs I and II of Comstock and Robinson (1948) because it 
affords direct F-tests of two hypotheses pertaining to 
dominance: 
d. 
1. Lack of dominance can be directly tested as F, = 
1 
M2/M1 (Table 4). The significance of F indicates 
2 that is significantly different from zero. Since 
2  2 .  2  
= Og, the significance of indicates that 
dominance gene action is important in the expression 
of the trait under study. 
2. Completeness or incompleteness of dominance can be 
tested based upon the expectations of mean squares 
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in Table 4: 
E(Mo) = 0^  + 2rcr^  = + r/4 Su- j and J e me  ^i 
E(M^ ) = erf + raf, = cr^  + r/4 2a?u? 
z e ml e i 
The deviation of the ratio of the larger mean square 
to the smaller (M2/M2 or Mg/N2) from unity (a two-
tailed F-test) indicates that Zu? / I]a?u? and that il 11 
the average level of dominance is not complete 
(i^  / 1). 
If Design III progenies are evaluated in more than one 
environment (Table 5), the second hypothesis cannot be tested 
2 directly. In the present study, however, was not signifi­
cantly different from zero. Thus, it also was possible to 
have a direct test of the second hypothesis. 
The genetic model for progenies can be written as; 
Yi = H + e^  , 
where 
= the observed value of the ith progeny; 
i = 1,...,108; 
(J, = the population mean; 
= the genetic effect contributed from the ith 
2 progeny and e. ~ NID (0,a ); and 
1 
e^  = the error from the measurement of the ith 
2 progeny and e^  ~ NID (0,0^ ). 
The analysis of variance and expected mean squares for 
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progenies evaluated in 1 year are given in Table 
Table 8. Pertinent sources of variation for S, progenies 
evaluated in 1 year 
Source of 
variation df MS E(MS) 
2 2 Among S^ /sets s(f-l) + ra^  
1 
Experimental error^  sp(g-l)(r-l) 
e 
Where f, s, p, g, and r are the number of families, 
sets, progeny groups, genotypes, and replications, respec­
tively. 
T^he experimental error is the error variance of the 
whole experiment rather than the error from the evaluation of 
S^  progenies alone. 
2 The F-test for the null hypothesis a„ =0 determines the 
1 
significance of variation among S. progenies and was tested by 
do A2 
= M2/M^ . The variance among S^ 's was estimated as cjg = 
M2-M^ /r. 
The analysis of variance and expected mean squares for 
progenies combined over 2 years are given in Table 9. 
2 3^ The null hypothesis for cr_ =0 was tested by F, = 
=1 '^ 2 
F-test, F^  = tested the significance of 
y' 
„ '3". 
o A 2 
the estimate of at „ obtained from the formula = 
(M2-M^ )/r, 
1 2 
the year by S. interaction variance component, 
A2 
Variance among S^ 's was estimated as cTg = (M^ -M2)/ry; 
1 O
f was at 
S^Y 
Table 9. Pertinent sources of variation for progenies combined over 2 years 
Source of 
variation df^  MS E(MS) 
Among S^ /sets (S) 2 (f-l)O 
i=l 
= d3 M3 
X years/S £ (f-l)(y-l) 
i=l 
= 2^ 2^ 




= di Ml 
V^Aiere f, s, y, p, g, and r are the number of families, sets, years, 
progeny groups, genotypes, and replications, respectively. 
T^he S sign was used because there was an unequal number of progenies in 
the sets in the combined analysis. 
T^he error variance is the error of the whole experiment rather than the 
error from progenies alone. 
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According to Kempthorne (1957), the standard error of a 
variance component is equal to the square root of the vari­
ance of the linear function used to estimate that component. 
The variance of a mean square, M, based on d degrees of free-
dom is equal to 2M /(d+2). Because the estimated variance 
components were derived from the linear functions of m mean 
squares, the generalized formula for the standard error of a 
variance component, S.E.(o^ ), can be written as 
m2 
S.E.(cj?) = (-^  2 
 ^ m m 
where C is the coefficient of the mean squares in the respec­
tive linear function. For example, the standard error of the 
male by year interaction variance component, cj^ y, can be ob­




The calculated standard errors determine the significance of 
variance components. If variance component estimates exceed 
twice the value of their respective standard errors, they are 
considered to be significantly different from zero. 
Phenotypic variances for Design III, on an entry mean 
basis, were obtained by the following formula: 
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.A 2 A2 A2 
The terms related to environments (years) are not included if 
progenies are evaluated in only one environment. 
2 2 Narrow sense (h^ ) and broad sense (h^ ) heritability es­
timates were obtained as: 
. 
P^h 
' ° • 
The approximate standard errors of narrow sense herita-
bilities were obtained by a formula presented ty Dickerson 
(1960) as 




The general formula for calculation of the standard error of 
A 2 
a variance component such as was presented earlier. 
Phenotypic variances using progenies, on an entry 
mean basis, were obtained as 
A 2 
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Again, the terms including environments (years) are not in­
cluded if progenies are evaluated in only one environment. 
Her it ability estimates using progenies were deter­
mined as 
h^  = 
jg is also a linear function of mean squares. Thus, the 
1^ 
standard error of the heritability of the progenies can be 
obtained as 
S.E.fa^  ) 
A o 
S.E.(hj ) = —^  — 
The coefficient of variation (CV) was determined as 
(a'^ )'Vx, where was the experimental error and X was the 
population mean for the trait under study. 
The standard error of the mean was determined as 
A 2 (Og/n) where n was the number of observations from which 
the mean was obtained. 
Phenotypic (rp^ ) and genotypic (r^ ) correlation coeffi­
cients between two traits, 1 and 2, were calculated ass 
^ _ P^hl2 
Ph ,A2 a2  ^
('^ Phl^ P^h2^  ^ 
and A 




P^hl P^h2 = the phenotypic variance of traits 1 
and 2, respectively; 
2 2 
and (5^ 2 = the genotypic variance of traits 1 and 2, 
respect ively; 
cfQj_2 ~ the genotypic covariance between trait 1 
and 2 ; and 
P^hl2 ~ phenotypic covariance between traits 
1 and 2. 
The phenotypic covariance was obtained from (^ 0^ 2^  + 
where (^ 2^.2 the environmental covariance between trait 1 
and 2. 
Covariance estimates were obtained from an analysis of 
covariance as shown in Table 10. 
The null hypothesis for = 0 was tested by 
MP2/MP2.» the <^ q2_2 estimate was obtained as 0^ 22 ~ 
(MP2 - KP^ )/r . 
<^2 
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Table 10. Analysis of covariance for traits 1 and 2 
Source of 
variation df WP E(MP) 
Sets (S) s-1 
Replications (R)/S s(r-1) 
Progeny groups (P)/S s(p-l) 
Error (a) s(p-l)(r-1) 
Genotypes/P/S sp(g-l) 2^ 2^ e^l2 ^^ G12 
Error (b) sp(g-l)(r-l) = di MP 2 e^l2 
W^here s, r, p, 
tions, progeny groups 
and g are the numbers of sets, replica-
, and genotypes, respectively. 
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RESULTS 
Means, standard errors of the means, and coefficients of 
variation (C.V.) for all traits are given in Table 11. All 
means were greater than twice their standard errors. 
Inbred B52 was 4 days earlier than CI31A. Earliness was 
dominant as seen from S^  and Design III backcross progeny 
means. 
In 1978, inbred B52 was rated as resistant (<3)^  to leaf 
feeding of the first-brood European corn borer; B52 usually 
has an intermediate rating of 5-5 (Guthrie and Dicke, 1972). 
In 1978, application of first-brood egg masses coincided with 
heavy rain which may have washed many larvae from the plant 
or they were drowned in the whorls of the plants. This 
probably was the reason for lower larval survival and reduced 
damage in 1978. Larval feeding was "normal" in 1979 as shown 
by the rating of 4.6 for B52 in that year. 
Inbred B52 is highly resistant to second-brood larval 
feeding (Pesho et al., 1955). In 1978, however, the resis­
tance was intermediate as was evidenced from the visual rating 
for sheath-collar feeding (5.2) and cavity counts (10.2) of 
the second brood. CI31A is usually intermediate in resistance 
C^lasses 1-3, 4-6, and 7-9 are considered as resistant, 
intermediate, and susceptible to first-brood leaf feeding, 
respectively (Guthrie et al., I960). 
2 Classes 1-3, 4-6, and 7-9 are considered as resistant, 
intermediate, and susceptible to second-brood larval feeding, 
respectively (Guthrie et al., 1978). 
Table 11. Means and coefficients of variation (C.V.) for all traits 
Means 
Trait Overall B52 x Fg 
Date of , 
anthesis^  27.76 (0.03) 28.81 (0.05) 26.81 (0.05) 
Second-brood 
visual rating^  6.05 (0.03) 6.73 (0.05) 4.76 (0.05) 
Second-brood , 
cavity counts 12.73 (0.10) 13.98 (0.17) 10.58 (0.17) 
First-brood 








a^ys from July 1. 
S^tandard error of the estimate is in parentheses. 
Q 
Rated on a scale of 1 to 9 with 1 resistant and 9 susceptible, 
dumber of cavities. 
eeding^  2.09 (0.02) 1.96 (0.03) 3.02 (0.03) 
ng^ 1.75 (0.01) 1.62 (0.02) 2.43 (0.02) 
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Means c.V. 
CI31A X B52 CI31A % 
27.68 (0.05) 27.81 (0.17) 31.92 (0.17) 27.56 (0.17) 4 
6.64 (0.05) 5.22 (0.17) 8.69 (0.17) 5.86 (0.17) 15 
13.62 (0.17) 10.20 (0.56) 18.37 (0.56) 12.06 (0.56) 24 
1.14 (0.02) 2.71 (0.11) 1.07 (0.11) 1.38 (0.11) 29 
1.29 (0.03) 4.63 (0.10) 1.36 (0.10) 1.91 (0.10) 23 
1.21 (0.02) 3.67 (0.07) 1.22 (0.07) 1.65 (0.07) 26 
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to larval feeding of the second brood (Pesho et al., 1965). 
It was, however, susceptible in 1978 as reflected by the 
visual rating and cavity number of 8.7 and 18.4, respectively. 
The year 1978 provided one of the most favorable set of en­
vironments for second-brood larval establishment and develop­
ment. Thus, in 1978, a high level of larval feeding and 
damage by second-brood larvae occurred because of a very 
favorable environment and a heavy artificial infestation (8 
applications of 50 eggs per plant). 
Host resistance to leaf feeding of first-brood larvae and 
sheath-collar feeding of second-brood larvae showed potence. 
Potence relationships can be seen from (F^ ), and the 
Design III progeny means (Table 11). 
The C.V. was low (4%) for date of anthesis. Coefficients 
of variation for larval feeding of the first and second brood 
were high (15 to 29%). Jennings et al. (1974a) and Russell 
et al. (1974) also reported high C.V.'s for these traits. 
Analyses of variance for first-brood leaf feeding are 
presented in Table 12 for 1978 and 1979 results and in Table 
13 for a combined analysis. Analyses of variance for other 
traits which were studied in 1978 only are given in Table 12. 
Mean squares among three progeny groups and among genotypes 
within progeny groups were statistically significant at the 
1% level of probability for all traits. Significant mean 
squares for genotypes within progeny groups indicated sig­
nificant genetic variability. The interactions of progeny 
























Sets (s) 5 16.38 4.31 141.67 4.50 3.73 
Replications/S 12 6.10 2.66 71.85 0.29 1.32 
Progeny groups (P)/S 12 58.37** 68.62** 223.35** 9.57** 41.95** 
Error (a) 24 1.82** 4.58** 18.68** 0.19 0.61** 
Genotypes/P/S 306 4.56** 1.64** 25.70** 0.48** 1,43** 
Error (b) 612 0.97 0.78 9.71 0.18 0.23 
••Statistically significant at the 1% level of probability. 
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over years, for 
Source of variation df Mean squares 
Years (Y) 1 145.22 
Sets (S) 5 8.98 
S X Y 5 0.80 
Replications/S/Y 24 0.73 
Progeny groups (P)/S 12 37.19** 
P/S X Y 12 5.20** 
Error (a) 48 0.34** 
Genotypes (G)/P/S 258 1.09** 
G/P/S X Y 258 0.37** 
Error (b) 1032 0.20 
**Statistically significant at the 1% level of 
probability. 
groups and genotypes with years for first-brood leaf feeding 
(Table 13) were statistically significant at the 1% level of 
probability. Thus, the evaluation of genotypes in a single 
year or growing season would result in an overestimâtion of 
the genetic parameters. 
Pertinent sources of variation for the Design III mating 
system and progenies are presented for individual years and 
combined over years in Tables 14 and 15, respectively. The 
mean squares of progenies were statistically significant 
Table 14. Pertinent sources of variation of the Design III mating system and 























Lines (L)/sets (S) 6 25.65** 96.85** 272.05** 18.09** 81.56** 
Error (a) 24 1.82** 4.58** 18.68** 0.19 0.61** 
S^ 's/S 102 7.22** 2.26** 42.17** 0.53** 1.78** 
Males (M)/S 102 3.89** 1.28** 21.86** 0.57** 1.38** 
M X L/S 102 2.56** 1.38** 13.06* 0.35** 1.11** 
Error (b) 612 0.97 0.78 9.71 0.18 0.23 
*,**Statistically significant at the 5% and 1% level of probability, 
respectively. 
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Table 15. Pertinent sources of variation of the Design III 
mating system and Sj_ progenies for first-brood 
leaf feeding, combined over years 
Source of variation df Mean squares 
Lines (L)/sets (S) 6 71.69** 
L X Y/S 6 10.16** 
Error (a) 48 0.34** 
S^ 's/S 86 1.23** 
Males (M)/S 86 1.19** 
M X L/S 86 0.85** 
S^ 'S  X Y/S 86 0.36** 
M X Y/S 86 0.41 
M X L X Y/S 86 0.35** 
Error (b) 1032 0.20 
••Statistically significant at the 1% level of 
probability. 
at the 1% level of probability for all traits in each year 
and combined over years. Thus, significant genetic varia­
bility among S^  progenies was indicated. 
Differences between the two inbred lines, B52 and CI31A 
(mean squares for lines) were highly significant for all 
traits in 1978 and 1979 and combined over years (Tables 14 
and 15). The significant difference tests for genetic differ­
ences between the two inbred parents is a condition necessary 
for the valid construction of the segregating F2 population. 
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All mean squares of males were highly significant for 
individual years and combined over years (Tables 14 and 15). 
Genetic variance among males is equal to one-fourth of the 
additive genetic variance in the Design III mating system. 
Thus, the existence of additive genetic variance in the Fg 
population was indicated. All mean squares involving the 
males by lines interaction were highly significant also 
(Tables 14 and 15). The males by lines variance component 
is equal to dominance genetic variance in this study, sug­
gesting that some of the genes conditioning resistance to 
first- and second-brood corn borers also exhibit dominance 
gene action. 
The ratio of the males (M) to the males by lines (MxL) 
mean squares or the ratio MxL/M, depending upon relative mag­
nitudes, provides a direct test for the level of average 
dominance (Table 16). The nonsignificant F values for date 
of anthesis, second-brood visual rating, and first-brood leaf 
feeding (1979 and combined over years) indicated the average 
level of dominance was complete for these traits. The aver­
age level of dominance, however, was incomplete for second-
brood cavity counts and first-brood leaf feeding (1978), as 
was evidenced from the significant F values pertaining to these 
traits. 
The interactions of parental lines, S^ 's, and males by 
lines with years were highly significant for first-brood 
leaf feeding (Table 15) . The males by years interaction was 
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Table 1 5 .  F values for the ratio lylxL/M or N/MxL for ail 
traits 
Trait F value^  
Date of anthesis 1. 52 
Second-brood visual rating 1. 09 
Second-brood cavity counts 1. 67** 
First-brood leaf feeding (1978) 1. 63* 
First-brood leaf feeding (1979) 1. 25 
First-brood leaf feeding (combined) 1. 39 
F^ values are the ratio of the larger mean squares to 
the smaller ones. This is a two-tailed F-test. 
*,**Significant at the 5% and 1% probability level, 
respectively. 
not statistically significant, however, indicating nonsig­
nificant interaction of additive genetic effects with years. 
The statistical significance of males by lines with years 
interaction suggests the existence of an interaction between 
dominance deviations and years. Estimates of genetic 
parameters and the respective genetic effects by years inter­
actions (Table 17), however, showed that the genetic variance 
components were 1.6 to 5 times greater than the genotype by 
environment interaction variance components. 
Estimates of genotypic variances, standard errors of 
genotypic variances, and phenotypic variances are presented 
in Table 18. Estimates of all genetic variances were 
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Table 17. Estimates of genetic (G) and genetic by year 
(GXY) interaction parameters from combined analy­
sis of variance for first-brood leaf feeding 
G GxY 
A a (1)3 = 0.11 0.04 
0.06 m^y = 0.01 
0.08 A2 *mly = 0.05 
0.15 0.05 
1^, m, ml, and are lines, males, males by lines 
interaction, and progenies, respectively. 
significantly different from zero. Existence of an appreci­
able amount of genetic variability in the F2 population for 
all traits vas indicated. 
Estimates of genetic parameters from the Design III 
analysis are given in Table 19. All the estimates of additive 
and dominance genetic variances were significantly different 
from zero except for dominance variance for second-brood 
cavity counts. Estimates of additive genetic variances were 
at least twice as large as the dominance genetic variances 
except for the second-brood visual rating. Additive genetic 
variance was almost 1.6 times greater than the dominance 
genetic variance for the second-brood visual rating. The 
relative importance of additive to dominance genetic variances 
was also shown from ratios of dominance to additive genetic 
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2 '' Table 18. Estimates of genotypic (cJg) and phenotypic (c>pj^ ) 
variances, on an entry mean basis, for all traits 
Design III 
Trait 3ph ÔS °Ph 
Date of 
anthesis 2.48 (0.38)^  2.80 2.08 (0.34) 2.41 
Second-brood 
visual rating 0.53 (0.14) 0.79 0.49 (0.11) 0.75 
Second-brood 
cavity counts 9.22 (2.18) 12.45 10.82 (1.98) 14.06 
First-brood 
leaf feeding 0.31 (0.05) 0.37 0.12 (0.03) 0.18 
(1978) 
First-brood 
leaf feeding 1.06 (0.14) 1.14 0.52 (0.08) 0.59 
(1979) 
First-brood 
leaf feeding 0.34 (0.07) 0.42 0.15 (0.03) 0.20 
(combined) 
Standard error of the estimate is in parentheses. 
variances (Table 19). The largest ratio was for visual 
rating of second-brood damage; dominance variance vas 59% as 
large as the additive genetic variance. Other ratios ranged 
from 14 to 38% of the additive genetic variance. Thus, 
additive genetic variance was the major component of the 
genotypic variance in the F2 population for date of anthesis 
and host response to first and second broods of the European 
corn borer. 
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Table 19. Estimates of genetic parameters and their standard 
errors from the Design III mating system 
Estimates 
Trait è| ag  ^ % 
Date of 
anthesis 1. 95 (0. 37)5 0.53 (0. 12) 0. 74 0 .27 
Second-brood 
visual rating 0. 33 (0. 12) 0.20 (0. 07) 1. 09 0 .59 
Sec ond-brood 












0. 26 (0. 06) 0.08 (0. 02) 0. 81 0 .33 
S^tandard error of the estimate is in parentheses. 
*,**Significant deviation from the_hypothesis of a = 1 
at the 5% and 1% probability level, respectively (a two-tailed 
F-test). 
Estimates of the average level of dominance, a, are also 
given in Table 19. Partial dominance of 0.74 was obtained 
for the date of anthesis. It was not, however, significantly 
different from the hypothesis of complete dominance. The 
average level of dominance was in the partial range for the 
first-brood leaf feeding. It varied from 0.56 in 1978 to 
0.87 in 1979. However, the estimates from the 1979 and the 
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combined analysis were not significantly different from com­
plete dominance. Different levels of larval survival and 
feeding damage from one year to another were probably the 
cause of the different estimates. The average level of 
dominance was complete (1.09) for the second-brood visual 
rating whereas it was in the partial range (0.53) for the 
second-brood cavity counts. The partial to complete average 
level of dominance for the first- and second-brood larval 
feeding indicates that some of the genes conditioning resis­
tance to these broods have dominance action. 
Estimates of genetic variances were obtained for 
progenies to compare them with genetic variances obtained 
2 2 from the Design III analysis. Estimates of (j^  + 1/4 aj^ ) 
2 from the Design III and of progenies are shown in 
Table 20. Most of the estimates from progenies closely 
approximated the estimates from the Design III analysis. 
Additive and dominance variance estimates from the Design 
III analysis (Table 19) and genotypic variance among 
progenies (Table 18) were greater in 1979 than 1978 for first-
brood leaf feeding. The better differentiation of genetic 
host response in 1979 was probably the result of an appreci­
able amount of larval establishment and development because 
of highly favorable environmental conditions. 
Estimates of genetic effects by years interactions are 
shown in Table 21. Estimates of the dominance by years vari­
ance component from the Design III and genotypes by years 
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2 2 Table 20. Estimates of from the Design III 
analysis and genotypic variances from progenies 
Design III 
A9 .  A2 A? ?  ?  
Trait Og = 
Date of anthesis 2. 08 2 .08 
Second-brood visual rating 0. 38 0 .49 
Second-brood cavity counts 8. 38 10 .82 
First-brood leaf feeding (1978) 0. 27 0 .12 
First-brood leaf feeding (1979) 0. 84 0 .52 
First-brood leaf feeding (combined) 0. 28 0 .15 
variance component from the progenies were significantly 
different from zero. The estimate of additive by years 
variance component from the Design III was not significant 
however. 
All heritability estimates, on an entry mean basis, were 
significantly different from zero (Table 22). Narrow sense 
and broad sense heritabilities from the Design III and esti­
mates of heritabilities from progenies showed high herita­
bility estimates for all traits. The narrow sense heritabili­
ty of 0.42 from the Design III compared with high broad sense 
heritability of 0.57 for the visual rating of second-brood 
corn borers probably reflects the large dominance variance 
obtained for this trait. Heritability estimates from 
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Table 21. Estimates of genetic effects by year components 
of variance for first-brood leaf feeding 
Design III Si 






leaf feeding 0.04 (0.05)^  0.05 (0.02) 0. 05 (0 .02) 
S^tandard error of the estimate in parentheses. 
2 Table 22. Estimates of heritabilities (h ) on an 
basis 
entry mean 





(broad sense) h2 
Date of 
anthesis 0.70 (0.13)^  0.88 (0.14) 0. 87 (0 .14) 
Second-brood 
visual rating 0.42 (0.15) 0.67 (0.18) 0. 65 (0 .14) 
Second-brood 
cavity counts 0.65 (0.16) 0.74 (0.18) 0. 77 (0 .14) 
First-brood leaf 
feeding (1978) 0.69 (0.14) 0.84 (0.15) 0. 66 (0 .14) 
First-brood leaf 




0.61 (0.15) 0.81 (0.16) 0. 70 (0 .16) 
S^tandard error of the estimate in parentheses. 
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individual years were close to the estimates from the combined 
analysis for first-brood leaf feeding, and suggests that geno­
type by year interactions were small compared to genetic vari­
ances. Heritability estimates from the Design III and from 
the analysis of progenies were in good agreement, 
Genotypic and phenotypic correlations and their coeffi­
cients of determination are given in Tables 23 and 24, respec­
tively. The genotypic correlations were in agreement with 
the phenotypic correlations in both sign and magnitude for 
all pairs of traits. 
The phenotypic correlation between first-brood leaf feed­
ing and second-brood visual rating was essentially zero 
(-0.01), The phenotypic correlation between first-brood leaf 
feeding and second-brood cavity counts was significant but 
very low (0.17). Considering the large number of degrees of 
freedom involved in its test of significance and very low 
coefficient of determination (0.03) this correlation would 
have little biological meaning. 
The correlation coefficient between visual rating and 
cavity counts of the second-brood was highly significant but 
low. Visual rating is not as precise as are cavity counts 
for evaluation of resistance of genotypes to second-brood 
larval feeding. Therefore, it may not be useful for genetic 
studies. On the other hand, counting cavities is very time-
consuming and the number of progenies to be evaluated by this 
method is limited. Thus, in selection experiments where large 
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Table 23. Phenotypic (rp^ ) and genotypic (rg) correlation 
coefficients for traits studied in 1978 
Second-brood Second-brood Date of 
Trait visual rating cavity counts anthesis 
First-brood leaf feeding 
•Ph -0 .01  
-0 .08 
0.17** 
0 . 2 6  
-0.13* 
•0.16 
Second-brood visual rating 
P^h 0.30** 
0.44 
0 . 2 6 * *  
0.39 
Second-brood cavity counts 
"Ph -0.22** 
-0.22 
*,**Statistically significant at the 5% and 1% level of 
probability. 
Table 24. Coefficients of determination for traits studied 
in 1978 
Second-brood Second-brood Date of 













numbers of progenies are evaluated and the criterion of se­
lection is to discard susceptible genotypes, visual rating 
would be most efficient. 
The correlations of date of anthesis with first- and 
second-brood resistance were statistically significant but 
very low. Considering these low values and their very low 
coefficients of determination, the biological implication 
would probably not be important. 
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DISCUSSION 
Certain assumptions were made in deriving the Expecta­
tions of mean squares and genetic interpretations of the 
variance components for the Design III mating system used 
in this study. Fulfillment of these assumptions is necessary 
to obtain unbiased estimates of genetic parameters. These 
assumptions were listed earlier in the Materials and Methods 
section and will be discussed in relation to the estimates of 
genetic parameters in this experiment. 
The first assumption considers random choice of individu­
als mated for production of experimental progenies. It was 
easily met through crossing of random F2 plants with the two 
inbred parents to produce the progenies that were evaluated. 
The second assumption involved the random distribution of 
genotypes relative to environmental variation. Variations 
within the experimental area were controlled through the 
random arrangement of progenies in the field. If progenies 
are evaluated in only one environment, the results would be 
applicable only for that specific environment unless the geno­
type by environment interaction is negligible. When data are 
obtained from only one environment, the genotype by environ­
ment interaction will cause overestimation of the genetic 
variances for the Design III analysis; that is. 
Males = <52 + 
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Males X lines = 
2 Error = cr^  
If a genotype by environment interaction exists, variance 
2 2 
among males, a^ , and the males by lines interaction, 
2 2 
would be upwardly biased by the amounts G , /2 + G _ and 
mie me 
2 
m^le' respectively. It is desirable, therefore, to conduct 
experiments over several environments. When more than one 
environment is used for evaluation of the Design III progenies, 
the mean square expectations can be written as: 
Males = ol * rOmle + + r^ecr^  , 
2 2 2 Males X environments = g^  + rG , + 2ra ; 
e mie me 
2 2 2 Males X lines = G_ + rG . + reG . j and 
e mie ml 
2 2 Males X lines x environments = G + ra  ^
e mie 
2 2 Thus, G and a , can be estimated without bias from the geno-
m ml 
type by environment interaction if environments are repre­
sentative of the population of environments. Otherwise, the 
estimates would be upwardly biased by the amount of the geno­
type by environment interaction which would not be detected 
in the experiment under consideration. 
Data were obtained in a single year and location for date 
of anthesis, second-brood visual rating, and second-brood 
cavity counts. Progenies were evaluated in 2 years for first-
brood leaf feeding. The genotype by year interaction, however. 
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was only about 25% as large as the total genotypic variance. 
Also, estimates of the level of dominance and narrow and 
broad sense heritabilities from individual years were close 
to the estimates from the analysis of combined data over 2 
years. Other studies have indicated that the genotype by 
environment interaction was not a major source of variation 
compared with the genotypic variance for first- and second-
brood larval feeding (Guthrie et al., 1978; Jennings et al,, 
1974a; Russell et al., 1978; Scott et al., 1964). Thus, 
evaluation of progenies in one environment for first- and 
second-brood larval feeding may not seriously bias the esti­
mates of genetic parameters. 
The third assumption considers the absence of nongenic 
maternal effects. The presence of nongenic maternal effects, 
however, would not bias estimates of genetic parameters be­
cause these effects do not contribute to the pertinent mean 
squares in the analysis of variance of the Design III 
progenies. Pertinent mean squares were males, males by lines, 
and the interactions with years from which genetic parameters 
were estimated. None of these contain contributions from 
maternal effects. 
The assumption of regular diploid behavior at meiosis is 
a valid assumption because the corn tested is characterized 
by a normal diploid meiosis. 
The assumption of a population gene frequency of 0.5 at 
segregating loci was valid because the population studied 
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•was an of the two homozygous inbred lines. Hence, gene 
frequency is expected to be 0.5 for all segregating loci. 
The assumption of no multiple allelism also holds because 
the population was a diploid Fg from a cross of two homozygous 
inbred lines. The only source of multiple allelism would be 
mutation. Such effects would be negligible because of the 
extremely low frequency of mutations. 
Genetic parameters in the Design III mating system assume 
an absence of epistatic gene action. These estimates will be 
biased if the assumption is not valid. Horner, Comstock, and 
Robinson (1955) considered the effects of epistasis on the 
estimates of additive and dominance genetic variances and the 
level of dominance from the Design III mating plan. They 
examined four theoretical types of epistasis. The amount and 
direction of bias from three types of epistasis (duplicate, 
complementary, and multiplicative gene action) was the same 
for the additive and dominance genetic variances; thus, the 
level of dominance would not be affected. The situation in 
which bias would be serious in the optimum number model (the 
fourth case) was a very special one not likely to be en­
countered, Horner et al. (1955) concluded, therefore, that 
the probability of epistatic bias in the estimation of the 
level of dominance would be small in the Design III mating 
plan. The type of epistasis was not known in my study. It is, 
therefore, not possible to know which direction the additive 
and dominance genetic variances would be biased. However, in 
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three of the more commonly known epistatic conditions, esti­
mates of additive and dominance variances are biased in the 
same magnitude and direction. Thus, even in the presence of 
epistasis, it is still possible to obtain information about 
the relative magnitude of additive to dominance genetic 
variance. 
Several studies of the inheritance of resistance to first-
and second-brood larval feeding have shown that epistasis was 
negligible or, when present, was not the major source of 
genetic variation (Jennings et al., 1974b; Rubis, 1954; Scott 
et al., 1964). Therefore, epistatic gene action may contribute 
little or negligible bias in the estimation of additive and 
dominance genetic variances. Thus, the level of dominance 
probably would be estimated with very little bias in a Design 
III experiment. 
The last assumption considers no linkage of the genes 
governing a particular trait. If linkage does exist, it is 
assumed that linkage equilibrium has been attained. Because 
of the polygenic inheritance of resistance to both broods, 
Onukogu et al. (1978), Patch et al. (1942), and Scott et al. 
(1966)concluded that a relatively large number of genes, dis­
tributed over different chromosomes, conferred host resistance 
to first- and second-brood European corn borers. Polygenic 
inheritance, therefore, suggests that the assumption of no 
linkage is not plausible. Similarly, the population under 
consideration was an of two homozygous inbred lines; thus. 
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linkage would not be in equilibrium. Consequently, estimates 
of additive and dominance genetic variances in my study are 
probably biased by the effects of linkage. Comstock and 
Robinson (1952) have suggested the use of advanced random-
mated generations of the original population for produc­
tion of the Design III progenies. Differences in the esti­
mates of genetic parameters from the original and advanced 
generations would indicate the magnitude of linkage bias. 
Estimates of additive genetic variances in my study were 
greater than dominance genetic variances for first- and 
second-brood larval feeding and date of anthesis. Comstock 
and Robinson (1952) and Robinson, Cockerham, and Moll (i960) 
indicated that linkages contribute to either an overestimation 
of additive and dominance genetic variances (coupling phase) 
or to an underestimation of additive and overestimation of 
dominance genetic variances (repulsion phase). Although the 
estimates of my study may have been biased by linkage effects, 
the greater value of additive compared to dominance genetic 
variance indicated that the major portion of the genotypic 
variance is, in fact, additive» 
Dominance genetic variance is always overestimated in the 
presence of both types of linkages; therefore, the level of 
dominance will be estimated with no bias or with upward bias 
depending on the linkage phase » Values of less than one for 
first-brood leaf feeding, second-brood cavity counts, and date 
of anthesis indicated that the average level of dominance for 
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these traits was in the partial range even in the presence 
of linkage. Penny and Dicke (1955) and Scott et al. (1954) 
reported that additive genetic variance was the major portion 
of the total genotypic variance and the average level of 
dominance was partial for first-brood leaf feeding. No 
studies have been conducted to estimate additive genetic 
variance, dominance genetic variance, and the average level 
of dominance for the second-brood of the European corn borer. 
However, results of Jennings et al. (1974a, b), from diallel 
and generation mean analyses, indicated the importance of 
additive genetic effects in conditioning resistance to second-
brood larval feeding. 
genotypic variances were compared with estimates of 
a? + from the Design III analysis. Genotypic variance 
2 2 
among progenies is equal to + ho-^  when the gene frequency 
in the population is 0.5 (Sprague and Eberhart, 1976). Most of 
the estimates from the Design III were close to the estimates 
from the analysis. For date of anthesis, the estimates were 
identical for both estimation procedures. The similarity of esti­
mates from two different mating designs indicates agreement of 
the experimental results with the quantitative genetic theory. 
The major portion of the total genetic variance in my 
study was additive for both first- and second-brood larval 
feeding. An efficient breeding program, therefore, would be 
one which exploits this type of genetic variability. A mass 
selection or recurrent selection program that emphasizes 
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selection for additive effects probably would be effective 
in improving the resistance level of the population to 
either brood of the European corn borer. The population, 
however, was an of two inbred lines and would not be a 
useful source population in a practical breeding program. A 
synthetic variety could be constructed that includes these 
two inbred lines plus other lines of good agronomic perform­
ance having some resistance to the first or second broods. 
Improvement of the synthetic variety through a mass or re­
current selection program would make it possible to extract 
lines which are resistant to first and second broods of the 
European corn borer and which also have good agronomic per­
formance. To improve the efficiency and the potential of the 
breeding program, the development of more than one synthetic 
variety would be desirable. 
No studies have been reported on the effectiveness of 
mass selection in improving populations for first- or second-
brood resistance. Recurrent selection has been reported to be 
effective, however. Penny et al. (1967) produced essentially 
resistant populations after 3 cycles of recurrent selection 
in five synthetics for leaf feeding of first-brood corn borers. 
Two cycles of recurrent selection in BS9 (W. A. Russell, 
Department of Agronomy, Iowa State University, personal com­
munication) were shown to be effective in increasing the level 
of resistance to the first and second broods of the European 
corn borer. 
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The statistical significance of the males by lines inter­
action in the analyses of variance and partial to complete 
average levels of dominance indicate that some genes act in 
a dominant manner in conditioning host resistance to first 
and second broods of the European corn borer. According to 
Falconer (i960) heterosis is a function of the level of 
dominance. Thus, it would be desirable to test the extracted 
inbred lines in hybrid combinations. This will enable the 
plant breeder to take advantage of hybrid vigor which is 
partly the result of dominance action of genes conditioning 
resistance to first and second broods of the European corn 
borer. 
The low to zero correlations of first-brood leaf feeding 
with second-brood larval feeding suggest a lack of pleio-
tropism or linkage among genes causing resistance to either 
brood. Russell et al. (1974) also reported correlations close 
to zero for these traits. The independent inheritance of these 
traits suggests the possibility of developing plant materials 
resistant to both broods. Russell (Department of Agronomy, 
Iowa State University, personal communication) developed an 
inbred line from a pedigree selection of 200 Fg lines from 
the cross of B52xOh43. This inbred is better than 0h43 for 
first-brood resistance and is equal to B52 for second-brood 
resistance. 
Recent emphasis in the Iowa State corn breeding program 
is to develop populations resistant to both broods of the 
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European corn borer through recurrent selection. These 
improved populations will be used to extract lines which are 
resistant to both broods. The progress from two cycles of 
selection in BS9 (Iowa Synthetic #9) has been encouraging. 
Cavity numbers resulting from the second-brood larvae de­
creased from 14.7 in CO to 8.7 in C2. Leaf feeding of the 
first-brood also decreased from an intermediate level (4.1) 
to the resistant level (2.6) from CO to C2. Thus, progress 
was clearly indicated for this program. 
Estimates of heritability in my study and in other in­
vestigations were relatively high for resistance to first-
and second-brood larvae (Russell et al., 1974; Scott et al., 
1954). Similarly, estimates of the additive genetic variance 
were large in this and other studies compared to the dominance 
genetic variance of host resistance to first- and second-brood 
larval feeding (Penny and Dicke, 1956; Rubis, 1954; Scott et 
al., 1964). Also, similar estimates obtained from the S^  ^ and 
the Design III mating systems indicated that the estimate of 
genotypic variance among Sj^  families is a reliable indication 
of additive genetic variance in the population under considera­
tion. Thus, Sj^  recurrent selection, which is a relatively 
simple breeding method, could be used to effectively exploit 
the additive genetic variance for these highly heritable 
traits. The S^  recurrent selection would be especially useful 
in the early cycles of selection while adequate additive 
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genetic variance is available for selection. Later, an 
alternative breeding scheme might be considered to exploit 
the small, nevertheless significant, dominance genetic 
variance. 
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SUMMARY AND CONCLUSIONS 
Estimates of additive, dominance, and genotypic vari­
ances, level of dominance, heritability, and genotypic and 
phenotypic correlations were obtained from analysis of 
progenies of a Design III mating system. The traits involved 
were first- brood leaf feeding, second-brood visual rating, 
second-brood cavity counts, and date of anthesis. Data for 
first-brood leaf feeding were taken in 2 years whereas data 
for other traits were obtained in a single year. 
Estimates of genetic parameters were also obtained from 
analysis of S^  (Fg) progenies for the same traits as the 
Design III experiment. The progenies were produced from 
the same Fg plants used to construct the Design III progenies. 
The experimental design was a randomized incomplete block 
design with a nested split-plot arrangement. Main plots con­
sisted of three groups of progenies (two groups of the Design 
III and one group of S^  progenies) and subplots consisted of 
progenies within each group. Progenies were replicated three 
times within each of six sets. 
F-tests in the analysis of variance and estimates of geno­
typic variances indicated the existence of significant genetic 
variability in the F^  population, a necessary condition for 
valid genetic analysis. Except for dominance variance for 
cavity counts of second-brood infestation, all estimates of 
additive and dominance genetic variances were significantly 
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different from zero. However, additive genetic variance was 
from 1.6 to 7.2 times greater than dominance genetic vari­
ance, depending on the trait studied. 
The average level of dominance was in the partial range 
for first-brood leaf feeding, second-brood cavity counts, and 
date of anthesis. The average level of dominance for second-
brood visual rating, however, was 1.09. This indicates that some 
of the genes which condition host resistance to first and sec­
ond broods of the European corn borer act in a dominant manner. 
The estimate of the genotype by year interaction variance 
for first-brood leaf feeding was only 27% as large as the total 
genotypic variance. 
All narrow and broad sense heritabilities were signifi­
cantly different from zero. Except for the narrow sense heri-
tability of 0.4 for the second-brood visual rating, narrow and 
broad sense heritabilities were greater than 0.6, indicating 
that these traits are highly heritable. 
Very small correlations between first-brood leaf feeding 
and larval damage of the second brood indicate that genes con­
ditioning resistance to these broods probably are not linked 
and do not have pleiotropic effects. Thus, it should be 
possible to develop plant materials that are resistant to both 
broods of the European corn borer. 
Estimates obtained from analysis of progenies were 
generally in good agreement with the estimates from the Design 
III variance analysis. Thus, the quantitative genetic theory 
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underlying estimation of genetic parameters was supported 
because similar estimates were obtained from two different 
mating systems. 
Additive genetic variance constituted the major portion 
of the total genotypic variance; therefore, an efficient 
breeding program would be one that exploits additive genetic 
variance. Resistance to first- and second-brood larval feed­
ing is highly heritable. Thus, a mass or recurrent selection 
program would be an efficient method to increase the resis­
tance level of the population with regard to both broods of 
the European corn borer. The population evaluated, however, 
was the F2 of two inbred lines and would not be desirable 
as a source for extracting agronomically desirable corn 
borer resistant inbred lines. Broad based synthetic varie­
ties, therefore, should be developed by combining inbred 
lines of good agronomic performance that have some level of 
resistance to the European corn borer. 
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